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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor 
laser in which the value of a threshold current is reduced 
and which can be oscillated in a single transverse mode by a 
method wherein a second clad layer and a third clad layer 
are formed of ZnMgSSe and compositions of Mg and S for 
an optical confinement layer are made larger than 
compositions of Mg and S for the second and third clad 
layers. 

SOLUTION: An n-type GaAs buffer layer 102, an n-type 
ZnSe buffer layer 103, a first n-type ZnMgSSe clad layer 
104, a first ZnSSe light guide layer 105, a multiple quantity 
well layer 106, a second ZnSSe light guide layer 107, a 
second p-type ZnMgSSe clad layer 108 and a ZnMgSSe 
optical confinement layer 109 are laminated sequentially on 
an n-type GaAs substrate 101. A groove 1 1 1 which reaches 
the second clad layer 108 is formed in the optical 
confinement layer 109, and a third p-type ZnMgSSe clad 
layer 1 1 2 is formed so as to bury the groove 1 1 1 . At this 

time, compositions of Mg and S for the optical confinement 

JaY^HL9jte_madeJa^ clad layers 108, 

112. 
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^>^WihB<!: 0~C, Wx.^pMATGaAs^pMlnGaAs 

[0 0 5 1 ] accc. ¥m#\s-ir 1 0 o(cssn*»¥ 30 

[005 2] nfflZnSe>< ^t1103^ JSHJiKfiX 

SO»ja9SFgK:*5t>riK3t (S) ^nv^A (m 
g) sPftftGaAsSfti 0 l^fftu, j&SK^o-tft 
6 ft «t$ AO£H« ^fcS-e-SCiSBSrC tctbtfCmX 3 
*lT(,>& 0 ZnSe^y 7 rB 1 0 3<DJV3t£. ZnSe<bGaAs 

OA) eTFfcRje-r*. ZnSe^^rBl 0 3 

[0 053] n£?ZnMgSSe3l 1^7^ KI104 CDfflfiS 40 
tt. Zn 1 .,MckS.S€i. ir <bSL//ci#CC, x = 0.10—0.26 
R^y = 0.1— 0.28CDffifflp*i-C^>oT, ZnMgSSeCDtS^S 

f*> * ^3js*ti-e*i«iS©fficcRSsn-5<t 5 

fC»JK3*i*. x=Q.l7jLQy =.o..20i.^:S,. 

Sfc~ * 1 ^7 9 FH 1 0 4<JWS3«:i62 m metTKH 

F ^ -MB N d£ T ^ -fe :/ * -«KN ai <DS*«WA«tt 
4X10 1 7 c m - 3 £ ft £ J: 5 CC RS *T £ Q 

[0054] ZnSSefSI 1 FH 105 -e<DJ13 50 



^P3^9 - 97 9 5 0 

10 

*mtf#J700A4-r*. £/c, ^(Dmmt, ZnSSeCD*§ 
^JEK** CaAs©*F-je»6C v * *T 4 J: 5 «C»R 3 *i . 
0d X tfZn S, _ , £ * L /c t * CC 2 = 0 . 06 <t *T £ . 
[0 05 5 ] r£14B 106IJ, m*.ttm$&to70A<DZn 
caseB*#FH£OrjSl^ floWit«ff33WftiJ00A 
<DZnSeH£PSi£B<t LriC^^ll^#F«i^t 
&o »fi»r±T**attir«0iEL"C»J5S3tiS#F 

#Fli LTZnSeH&CTOSHi LrZnMqSSed^ffll^ 
fc^WI^#F«Jftfr*C4fcr»*. CCDZnSeHi 
Zhl^Selli<DJH*^*>^rtt»^fi3WR4 5 0 nm 

[0 05 6 ] ZnSSe^2^^/>T FH 1 0 7©«3«. * 
<3DW3*mfiitt70OAi-r4. ^/c, Zns 
se©t^je^CaAs©»T-3B»«: v v -5 <fc 5 CcMIR 
3*1. Wl^.tfZnS z Se 1 _ I i^L/c<!:*K:2=0.06<!:-r^ o 

[0 0 5 7 ] pMZnMqSSer^fiS3*l^^2 FH 
10 8CDffl^{i, z^-.Mck^Sei.vi^L/ci*^* 
«x=o.i7S.oy = o.20i-i"4 Q -e<D/P3ti^ 
0. 2am£iTK:H3EL. m«W0. 

TKWttfttt. W^JiiRixatf'cm-'i-r*. 

[0 05 8 ] ZnMc^SdfeH 0 Ci?)H 109 CC», ^*rKI 

6ft«7^^ll0«rttfflUi <-rttto%BBPW> 1 
1 1jWBj3E3*i3. PHDSBl 1 1 <D±»0« % "Ttttot 
« (HP«) 1 1 1 *«flc"4"Sfc«>CCfflti6*iSv^^ 
1 1 0CDX h^^^I«, m«^5 umin, * 

nm 1 1 i*Kw*fca«>©x^^>^xgraoiitf 

ai3», ZnK^Se^MDCi6Hl 0 9CD/^tLbr*o 
T v lOil 1 lCDj£H^pMZnMgSS^l2 FH 
1 0 80D*K££££J:5tt|^3*i£ o fiE^T, j^S 

[0 05 9 ] ZnhV*SSe?fcfflOjA#>H 109tJ t «ittf^ 
< F-t>y3h-S*«cjB»!a**rorc>TtJ:C>. 3tt> 
»3^7? FH 1 1 2(Dmmm (pS) ii©ni 

©*^';raa[tt, mtfjKjixitf'cm-'i-rs. 

[0 06 0] p^ZnSe^>^^ hHl 14», ^FiK^rg 
0. 8um±~$~Z> 0 

[0 0 6 1 ]^ p^ZnSera>^^ hH 1 1 4CCftJx 

^■TpMZnSea>^i7 FH 1 1 4*W»WWiB 

i^ixlO 18 cm- 3 ril3^x.^0. 

CCjgfiSL/, 3 6tC-e(D±0Cp^ZnSe/ZnTe^fifi^#F 
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m (mqw) ■ l &v^%mm&wz.\ [ m5xi<? 9 cm 

d5fiIS*Ct N *»AT* C i TfT 5 C i #r S 
[008 21 5:*. ±K«cK9liUfc¥*ttU-tf 1 00 
CCtelvC. ? FJIflOfltfiSWWiOr. ZnMgSSeCOft 
WK.ftiSA FBiHDZnSSe^fl^SC&fcr**. 
«l>tt, ZhSSet?*fiSE3<i**^-r Fn*SBSl/T. ZnM 

csser«jsKs*i4*<7 * FHo#riSte»*#E#i&trt» 

[006 3 ] «±CC|ftKL/c*^cD^f*U-1f 1 0 
0«, B*«i^OflWE*W-r*J:5«:«JSS-r*Ci 

^OD/t&Ktt:, ZrMgSSc*&gJDiA#>H 1 0 9 
<Z>flJ$&0tU.t£Z n o .»iMgr 0 .i 9 Sa.zzSeo.7siL, 
P^ZrWqSS€§^2 5^ y FH 1 0 8 &£>* P MZnMgSSegi 3 
^ * FH 1 1 2©jBfiJE**ti-ehWittf Z n B()J Mg 
^.^So^Se^.if^ CtiCCj;Q, r£1£H 1 0 6*5 

1 0 6<D^r;ftHDiitf>J!l 0 9<D?t <BBP») 11 
1 CCffiSt-*«i^*«WB*F*i?Stt)i 1 0 6CD-^CDffe 
(D««r©3»ft«*r*4©lfeWfi4x 1 0- J itt->r. 

«c««a«»«a3WeBsn*. secc, rSttBi0 6r 

TfcHDiAa&Hl 0 9CDP3PSIS1 1 1 
tf>ii<tfSI3 * FH 1 1 2r»iR'rsCi*s-C*4 0 
[0064] ±ffi©^e»Ja*f*SAn * 2 RO'S 3 
FH 1 0 1 2©HJr¥t*Hi;i&«>» 1 

0 9<MWr*£®5L tt6MC #H CiiaWi 1 0 9 £ 
iSttJll 0 6i©mcc5B3ftfc!ll2^* FBI 0 8O 

«&H1 0 9©JS3CC»r*JtK<fc^T^Sft4. *» 
W«cj:ntf, S2Mf3^7^ FIB 1 0 8M1 1 2 
**BHi;ii»JBl 0 9©«3«, x^>yiS-C»ft 

[0 06 5] CC-C, H»r*»««ia«C*$C»-C#-«* 
-F^ftSWTSfcaMctt. ±E©SB»IB«*S&An 
£5 x l 0" 3 - 1 x l O-'OJIHrt^jase^-'B-CAjWff 
$l^o cn«, ^2RC;S3^7^ FH 1 0 8M1 
12^^, ;OFft-^AEg^2. 8eVtC 
&£J:5Ct, ZfH-.Mq, s^sea-, tc^c^r X = 0.06—0. lS. 

Oy =0.14— 0.28£DffiHF*g &CS::£ U — ^ «t^7 
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Zi\_»MQ t S,Se l _ v CC:te<,>rx=0.09— 0.15fiOy = 

o.is~o.2«J!)ffiHrttcR5£U S&cc»2 FBI 
0 8<DMLm& t£i&0. Imn-#J0. 5 ^mCD®ffl 

[0 06 6] ^>F*>^7AEsr#^2. 8eVt 
**Zr**iSSe*^? FH«\ II-VJj£**fc^»¥»#U 

[006 7 ] — — flacc, ZnMgSSeH<D><> F*> * 
< TSfc«>fCMg©ffl«*** < 
MgO^WS^if ife&oTF-f> ^*#Si 
ffrT4. 0*>U A*>K+>7 7-AEg)!)^3. OeV 
rfciZnMflSSeMOTOj&a&Btt F-t>y*£*iOa 

[0068] ±ME<DJz 5 fc»«**h**i#T4 * ^ * 
KHRCf*HCiiiB&H*tt*^*>-l*T, ffittlOi^I 
20 «*^n*±ISBHrt<Z>fflCC-r-5C4CcJ;oT, Mtfr 

[006 9 ] K«i©|gB(DA:ae>«:ffittH 1 

0 6 CDjl^SJFf^An 4±IBffiHrtcDffitC|^-r 
»{cti, *H0ii»H 1 0 9©/SSh*»0. 1 MmH 
ifcTSsiW****. *Ht;ii»Hl 0 9©»S 
h**ftl. O/imiOfc/K&ii, 811 1 KDStftV 

©e**s**< tto-rsrr, «ti 1 i*sw>i&tj<fc5«: 

*HCiAit)H 1 0 9C[)±«:fiflE*-i-S*ft»<DlS«tt* 

[0 07 0] Ci*rtlfeZnMqSSe*>6^)5X3n-Cl^m2 
Mf3 ^ ^ y FH 1 0 8M 1 1 2 CDfflJ&tt^g L < 

[0 07 1 ] %SHDi&«>Hl 0 9 4, tf«a 
CCfcWS^^sr FH<DBILil^«:tH^-r-5p^ZnMc|SSe 
40 »2^7? FH10 8itt. t»rti* lHacDtSftflt* 

-cjgaEsti*. Sot, -ene»o/?3«, x^^->^cc 

[007 21 H3 (a)-(c) *»«brtt«0fc« 

i o o r 

7feE3CiAi?)Hl 0 9(c8we>hfci (BBPSB) 1 1 

lector, *aa»S3WTt>n*. ^<Dtc^>. P isi 

1 1 5 4 p MZnSen ls$9Vm\ 14, p MZnSe^ > 

2 hH 1 Uip SZnSSe^ 7vFil 13. P SZnSSe 
50 ^7^F11 13<b p§SZnMqSS^*l3 ^ ^ ^ FH 1 12 
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ft) (ommK «fefeft^«acctt^r#»«cfi<tt 

[0 07 3] +^mSSC[)^^^|#^/c^tC 
7cBI0iAd?>Jll 0 9<DTK#&lT&Jfl2^* KH 
<D/S3r&6^W?#t£, &0. 5 tfm«T«CTSifc 

m i 1 1 ojgffiifse® i o 6 t<omamn&&< a o 
■rsrc, *<DS^r©«a>tt*tfO*«**<ttD"rar io 
a*. »o»*t3W/hs<tt*3-r«Pii. 

0 6 r©3»WHSr*ftAn < a 0 T T«*~ F 
©U-lflKfiOWJa^HllfCttSpIlifitt^*** 5 . CCD 

*#BBCiiaWB 1 0 QOWShtiJficoiSHrtTatttt 

[0074] 04&£>*05fc:^ I2MS3^77 K 
H 1 0 1 2<DiHJ5JE*Zn 1 .,Mft ( S,Sei-,{CfcO*r 

X = 0.08lOy = 0.18<fcU — jy> ^^OiA^Hl 0 9 
©ftfiR*, Zh 1 _,Mg K S^S8i-»CC*JtiTx=0.llE.-5y = 20 
0.24iO/c<!:*C9 % *HCii«&»0«3i U— !f#6ffi© 
fc»CE)0*tiI«jJKi©H(S*ST^77 (04) , & 

S^WiOHff*^^^ (05) T?&£ 0 
[0 0 7 5] H4CC*SC»T, *HDii»» 1 09©Mg 

<D«^ TfcHDiAi&l! l 0 9<D®Sr*3&$/h3 < a&CD 

*BBDiia&»l 0 9<3D»S*±>3li< OTfe, 30 

[0 07 6] — H5CCfcl*rfe, *HCi&»«l 0 
9 CDM g aaj&£tf IWF^tJ^AEg < 
U rSttB 1 0 6CC*5WS|gaJBJr**An*^:*<T 

T&o C<Z)i&&. *BBi;ii«)IBl 0 9<O«»r**s/h3< 
a-5©-C, »2 ? Fl 1 0 8 ©«l**4*t < u 

u »L»#*Hrr n^i^iAn^ 40 

ao, u-if«^fc«^u*i»ffl«siw«a-r*. 

[0 0 77 ] ^c«c. #»W«:J:i*»flcu-ifilie*a 

~^>X\ 06 (a) RO'(b) £#J8LTlftBJir£ 0 
[0 0 7 8 ] 06 (a) ti, 8e*S3tS«CJ:orJKlsRSn 

44^»»u---!f3 0oa>«SRtsrBfffiia-c*o. 06 

(b) tt. 5teK01 (a) - (c) Z&mLXI&yiLtc 
st9tW<Dmm# U— !T 1 0 0 (Dmf&Zfjk-? »r®0-C3> 50 
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06 (a) ©fie*<D*3W*U--!f3 0 0r«, nS 
GaAsSS3 0 1 <D±tC, nSCaAs^^7 7 130 2, n 
S3ZnSe>*? T7yJI3 0 3, n §£ZnNt»SS<^ 1 9 v v KB 
3 0 4, ZnSSefg 1 KB3 0 5, CdZnSe*§t4B3 

0 6, ZnSSegl27G#^ KB 3 0 7 V pSZnMcfSS^I2 ^ 

K1308, RZ?p%l^^Zt> KB3 0 9*JK&S 
JiOfc&CCt P®ZnMqSSe^2 ^ KB3 0 8SO'p 

1 OrS^jA^, 3 6K^OS&jA#@3 1 0CD±Kp 
M^@3 1 1 Z&f&'f&o —yj. n^GaAsSg3 0 1 CD 

!f 3 0 0 

[007 9 ] ±fBCD<fc 5aBe*aW«Cj:ii|£»#U— y 
3 0 0i**9§CC<fc4*a»fl:U-1f 1 0 0i*«, 
h^-f^SE^«3fcHi;ii«)lil 0 9©ll 1 1 (JETF? 

350am-C#>9, X h^>f ^KLSiSa— 52063^*^700 

[0 08 0] C<D£$, 06(a) CC^fS£*«»JCC<t 
»f3 0 0CE>flB6r«, pilI3 11tp 
M^>^^ hit 3 0 9 iOSMSa^^sOum 2 ^^) 
-So — 06 (b) Cc^-T*IBIK«:J:«*a«»u-if 
1 0 0 0MtljS"CH:, pSIil 15ipS3>3fi'H 

1 1 4<hCDgMffiS(^245000/im I <baO, fiC^ttffi 

[008 1 ] 36^:, 06 (a) (c^tS£*jBSB«:J:4 
i}^ftU-1f3 0 0m pSS«S3 1 l3&>6nS«« 
3 1 2«:fiiwr86hiflKifi ^TM^ 

1 0 OTtt, 06(b) JC^-r^^CC, pflil 1 5 
*686AL/c«SE (K^r07j^) tt. tcKCjAJ?)/!! 0 
9CD« (HPS) 1 1 ir*a&6hr*6JStt»l 0 6 
icmXirZ,, 1 0 6<D5fcr§SBRfc:B 

ifc&«ifttii«iatt, ^h^^^, -ratofeil&HGiia&JS 
10 9(D?tl 1 l(DJKflECCffiofcvx^©ej:0 4>ffi^ 

[008 2] 
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mx.'Sit.inzfflaciLibmmfvvv fb©/s3£. x 

> ifJLWOUm-C ttft < teSfiSSXg(D^ISP{C«fc o 

^^©fficcgst-r-scitf-c**. c©fc*. mm<o 
c o o 8 3 ] $/c, *mm<D&iHt\'— *r-ci£%:mc& 
j?##iEOfcr>. i — *r&m<Dtctbommm&±%fflc 

[0084] g/c. #$D&&B©§3P^#r£14BK:ia 
lMfflt?&<ft£J:5K:fl*(£;*ftS©-r. ^□SP©^0 

ffjft^lf* K^-7"©lJI<fc9fejA<TJ:t,\, COfcft, 

s„ 

[0 08 5] 130^72- KB. a>^^ KB 

[0 086] #HCi&ft»«CHP»*J|&5M-*:c 

ffiot. C©x?*>yifI©iRH8#5!gg-TN& 
[0 08 7]Sl>B. S2®^7 ^ KB£3fcgJCi£»B 

/c»©±iax i, 5=- > ^ £ ccsa^sajsj-r -act 

;*6(c. c©x-,^>y^jiji*ni-v^ 30 

■TSC£#"e*T. *©*fl±lC*3 0i'5j| f l*8 

x ? ^> y#±ji©*ffi©}iKWbacfT«Mt«:*jR^9 

SS3©*7 ? K@©SSSSSCCi:k^ 

[0088]f3O?75 KB *Wfi£fif 0fiST n«. 40 
^{C J:S p ffl* 9 » KB©* + y T*rm<t<D&W$:'P 

[0 08 9] *fc. ^^Ki;ii«)B* s ¥# 
*8»Bfllg©* {ca^WtcffjRg $ tifctftSM i ft S fc 

[009 0] $6«C. *^W©^(*U— tf-ctt. mi£ 

7C8UftII- VDK{t^5*«fWI4-C* SZnMqSSe-CWfiS 
34rCl>&. COtmt*. mfc-thl*— !f3fe©^gK:J± 50 
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-<-On'> F¥ + f 1>©-C#^-T£U -If ft?:© 

■C. U - If D ft <, > /c W L # 1, >fif ®£ i* 
<t5Ct*it^t. i!SHi*ffiH{CM-5$-C©U— tf^ 

[0 09 1 ] 3fenG^B©JBff*t<:ft'<r#2 
Mf3©i'7 2' FH©JB#r&&**<-r&C&tcJ:-3 
r . t§ttB(C*¥^[S]©IS^JlSf^A n *RW 5Ci 

3feAn*a«we«SW&c t«:«tor. m— «*- F» 

-rs. aer»T. is«K:»?«#i/jaoattftiBaJB»f* 

a*cs?.S©T. i&stfcu— tf©sn-«:*iwsess*^ 

[0 09 2] fcLBcfc 0. ^I8tc«fcn«. u— tfffcffi 

if>^;bra-c©«*=)0#35^fti,i^ftu-if?:. 
ttfi < -S c i ^. 
[HiB(Dffl#fttt9!] 

[0 1 ] fiesWKSSJc J: !f©»fiS^f»fM 
[02] «^R^KJ:4ffi©*3W*U--1f©«Wt**-J- 

[^3] ( a ) ~ ( c ) ». *&m<D%mfc is-vom 

[04] ^CjA»B©J¥3iU-1f^i©/c«ti©b* 
[05 ] 02 ^7 FB©«0/?*i *f^g©A:* 
[06] fiHESfRtc J: Stifle U— !fKCf4:iHS®^MI 

»u—mc*itit&zi>4n> [-mtmmtomteffimRv 

(a) «. «£*fiTrf5{Cj:S*^»U— !f©*J«*5W»r 
M0-C*fJ. (b) tt. *«WCCj:4*ai»U— y©« 

[??^©5ftHJ] 

1 0 1 nMCaAsSS 

102 nMGaAsM*? 7rl 

103 naZnSe/<s»7rB 

10 4 n MZnMqSSegS 1 ^ 7 v KB 

105 ZnSS^13(£^KB 

10- 6 ^ffiS^#FB ( ffi^B) 

107 ZnSSe»25fe**-f FB 

I 0 8 pMZnMcjSS^2 >75 FB 
10 9 ZnlAjSSeftgi CjAJt>B 
110 "7^^ 

I I 1 Si (ggpsu) 
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1 1 2 pS2nMcjSS^3 9 "5 v Ki 
1 1 3 p^ZnSSe^ v KB 
1 1 4 p^ZnSe=i>^^ hH 



IS 



* 1 1 5 pSlt 
1 1 6 nil! 
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— 309 
— 308 
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—304 

-301 
—312 
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115 

-113 
—112 

— 111 

— 103 
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— 107 
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